The incidence of heart failure (HF) increases with the aging population \[[@ref1]\]. Despite novel treatment strategies, HF is a concerning health issue with high mortality and morbidity rates \[[@ref2]\]. Atrial fibrillation (AF) is the most common arrhythmia in HF and is associated with worsening symptoms and a high incidence of thromboembolic complications such as stroke \[[@ref3]--[@ref5]\]. Paroxysmal AF (PAF) carries the same risk of ischemic stroke as permanent AF \[[@ref6]\].

The prevalence of AF is underestimated due to unrecognized episodes of asymptomatic PAF \[[@ref1]\]. According to the Framingham study, HF increases the risk of new-onset AF by 4.5 and 5.9 fold in males and females, respectively \[[@ref7]\]. In addition to increasing all-cause mortality, AF adversely affects the prognosis of HF due to thromboembolic complications and worsening cardiac function \[[@ref1]--[@ref4]\]. In the COMET trial, the onset of AF was identified as an independent predictor of all-cause mortality in HF \[[@ref8]\]. Moreover, new-onset AF was found to be an independent predictor of the combined endpoint of death and hospitalization \[[@ref9]\]. Similarly, paroxysmal, but not persistent AF, was a predictor of re-hospitalization in HF \[[@ref10]\]. Consequently, it is important to identify the factors that cause AF in patients with HF and, if possible, to prevent them.

Factors leading to AF in individuals with normal cardiac function have widely been investigated and important information has been obtained in this regard \[[@ref11]--[@ref13]\]. Since most episodes of AF in HF are not recognized due to a lack of symptoms, it is difficult to estimate the exact frequency of AF in HF. Although the majority of patients with HF have predisposing factors, such as diabetes, hypertension, coronary artery disease, left atrial dilation, increased cardiac volume and pressures, some patients maintain the sinus rhythm. However, it is not clear which patients with HF develop PAF. The present study aims to investigate the factors affecting the development of PAF in HF patients.

MATERIALS AND METHODS {#sec1-2}
=====================

Between January and May 2017, 60 consecutive patients with systolic HF and sinus rhythm were included in this study. All patients had decreased ejection fraction (EF\<40%) due to coronary artery disease and the New York Heart Association (NYHA) functional capacity of 2--4 symptoms. The median age of the patients was 66 (30--75) years, and 30 patients (50%) were male. The patients with the previous history of AF, antiarrhythmic medication use, structural valve disease, liver, kidney and thyroid dysfunction, and patients with HF with preserved EF were excluded frıom this study. Permission and approval were obtained from the local Ethics committee and patient recruitment started after obtaining written consent from each patient. Thirty-five patients had an anterior myocardial infarction, 25 patients had an anterior and inferior myocardial infarction, 29 patients had undergone coronary artery bypass grafting operation, while 31 patients had undergone previous stent implantation.

Serum NT-pro BNP concentration was determined using Elecsys proBNP sandwich immunoassay (Elecsys 2010, Roche Diagnostics). The analytical range was between 5 to 35000 pg/mL. Variation coefficients of NT-pro BNP in the low and high ranges were reported as 4.8% and 2.7%, respectively.

All echocardiographic measurements were performed concerning the recommendations of current guidelines using the GE-Vingmed Vivid S6 system (GE Vingmed Ultrasound AS, Horten, Norway) and M4S-RS (1.5--3.6 MHz) sector probe. The diameters of the left ventricle (LV) and left atrium (LA) and wall thicknesses were measured according to established standards. The modified Simpson method was used to calculate the left ventricular EF \[[@ref14]\]. Left atrial volume (LAV) was calculated by the biplane area-length method and then indexed to body surface area to find the left atrial volume index (LAVI) \[[@ref15]\]. Aortic, mitral and tricuspid regurgitation velocities were determined by continuous-wave Doppler echocardiography, and estimated pulmonary artery systolic pressure (PASP) was calculated. Early (E) and late (A) diastolic mitral flow velocities were measured using pulse wave Doppler echocardiography. Mitral annular septal (E' septal) and lateral (E' lateral) velocities were measured using tissue Doppler imaging. Pulmonary capillary wedge pressure (PCWP) was calculated using the Nagueh formula \[(PCWP)=1.24 (E/E')+1.9 (E'=E' lateral/2+E' septal/2)\] \[[@ref16]\].

24-hours rhythm Holter analysis was then performed in every patient using a three-channel ambulatory recorder (MT-200, Schiller A.G, Baar, Switzerland). The Holter study was evaluated if it was free of artificial interference. The average heart rates and the occurrence of AF were recorded. PAF was defined as a rhythm with irregular R-R intervals with no p waves, lasting for 30 seconds or longer \[[@ref4]\]. Patients who did not have PAF were also followed by a second rhythm Holter analysis after a week to confirm the absence of PAF. Patients were categorized into "HF with PAF" and "HF without PAF" groups according to ECG Holter data.

Statistical Analysis {#sec2-1}
--------------------

For statistical analysis, IBM SPSS Advanced Statistics 22.0 (Program number: 5725-A54) program was used. The distribution of the data was determined using the Shapiro-Wilk test. Normally distributed variables were presented as "mean±standard deviation", non-normally distributed variables were presented as median (min--max), and categorical variables as "number (percentage)". The independent samples test-test was used to compare normally distributed variables, and the Mann-Whitney U test was used to compare non-normal distributed variables. The categorical variables were analyzed using the Chi-square test. Spearman rank correlation analysis was used to determine the relationship between NT-pro BNP and echocardipgraphic variables. Univariate and Multivariate Logistic Regression analyses were performed to identify the predictors of PAF. Receiver Operator Characteristics Curve (ROC) analysis was performed to find cut-off values of predictors for PAF. A p-value of \<0.05 was considered significant for all analyzes.

RESULTS {#sec1-3}
=======

The incidence of PAF in 60 patients with low EF was 46% (n=28\]. The demographic, biochemical and echocardiographic characteristics of the patients are shown in [Table 1](#T1){ref-type="table"}. There was no significant difference (p\>0.05 for all; [Table 1](#T1){ref-type="table"}) when patients with and without PAF were compared concerning age, sex, body mass index, CHA2DS2-VASc score, comorbid diseases, drugs used (beta-blocker, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, mineralocorticoid receptor antagonist, ivabradine, digoxin, diuretic), systolic and diastolic blood pressures, heart rate, left ventricular dimensions, LVEF, hemoglobin, urea, creatinine, alanine transaminase, aspartate transaminase, thyroid-stimulating hormone, free thyroxine values.

###### 

Comparison of demographic, biochemical and echocardiographic characteristics of the study population with and without atrial fibrillation

                           Total (n=60)   PAF (+) \[n=28\]   PAF (--) \[n=32\]   p
  ------------------------ -------------- ------------------ ------------------- -------------
  Age (years)              66             66                 66                  0.700
  Gender (male)            30             13                 17                  0.605
  BMI (kg/m²)              29.12±5.18     29.12±5.18         30.92±5.09          0.183
  DM                       27             14                 13                  0.466
  HT                       29             15                 14                  0.448
  FC (NYHA Class)          3              3                  2                   **0.024**
  CHA~2~DS~2~-VASc score   3              3                  3.00                0.799
  Beta Blocker use         55             26                 29                  0.755
  ACEI/ARB use             48             21                 27                  0.365
  MRA use                  45             21                 24                  1.000
  Ivabradin use            17             9                  8                   0.540
  Digoxin use              11             6                  5                   0.562
  Diüretic use             47             22                 25                  0.967
  SBP (mmHg)               119.40±23.88   115.50±21.22       122.81±25.84        0.240
  DBP (mmHg)               70.32±14.61    66.96±14.09        73.25±14.63         0.097
  Heart rate (beats/min)   80             78                 81                  0.987
  Hemoglobin (gr/dl)       14             14                 14                  0.650
  Creatinin (mg/dl)        1.04           1                  1                   0.331
  NT-proBNP (pg/mL)        1933.5         2499               1501                **\<0.001**
  LVEDD (cm)               69.08±4.2      69.2±4.7           68.8±4.7            0.839
  LVESD (cm)               59.6±4.7       60.5±2.7           58.9±5.8            0.94
  LVEF (%)                 31.50          30.5               32                  0.392
  MR velocity (m/s)        1.5            2.56               1.14                **\<0.001**
  AR velocity (m/s)        0.9            1.03               0.78                **0.002**
  E/A                      1.67±1.01      2.5±1              1.4±0.6             **\<0.001**
  E/E'                     14±10.5        20.4±12            8.6±4               **\<0.001**
  PASP (mmHg)              43±13          54.3±9.3           33±4.6              **\<0.001**
  PCWP (mmHg)              15.7±6         19.9±4.3           12±4.8              **\<0.001**
  LAV (ml)                 74.8±26.9      84.8±30.6          66±19.8             **0.006**
  LAVI (ml/m²)             38±13.9        43.6±16            33±9.3              **0.002**

Chi-square test for dichotomous variables, Independent-samples t test for continuous variables, Mann-Whitney U test for nonparametric variables. ACEI: Angiotensin converting enzyme inhibitor; AF: Atrial fibrillation; ALT: Alanine transaminase; ARB: Angiotensin reseptör blocker; AST: Aspartate transaminase; AR: Aortic regurgitation; BMI: Body mass index; CHA~2~DS~2~-VASc score, cardiac failure, hypertension, age, diabet, stroke, vascular dsease, sex category; DBP: Diastolic blood pressure; DM: Diabetes mellitus; E/A, ratio of early diastolic mitral inflow velocity to late diastolic mitral inflow velocity; E/E', of early diastolic mitral inflow velocity to early diastolic mitral annular velocity; FC: Functional capacity; LVEF: Left ventricle ejection fraction; FC: Functional capacity; HT: Hypertension; LAV: Left atrium volume; LAVI: Left atrium volume index; LVEDD: Left ventricle end diastolic diameter; LVESD: Left ventricle end diastolic diameter; MRA: Mineralocorticoid receptor antagonist; MR: Mitral regurgitation; NT-proBNP: N-terminal pro-B-type natriuretic peptide; NYHA: New York Heart Association; fT4: Free thyroxine; PASP: Pulmonary artery systolic pressure; PCWP: Pulmonary capillary wedge pressure; SBP: Systolic blood pressure.

Functional capacity (NYHA class) \[3 (2--4) vs 2 (2--4); p=0.024\], NT-pro BNP \[2499 (1426--9791) vs. 1501 (878--3794) pg/mL; p\<0.001\], mitral regurgitation velocity \[2.56 (1.4--4.6) vs 1.14 (0.46--2) m/sec; p\<0.001\], aortic regurgitation end-diastolic velocity \[1.03 (0.36--2.6) vs 0.78 (0.4--1.5) m/sec), E/A (2.5±1 vs 1.4±0.6; p\<0.001), E/E' (20.4±12 vs. 8.6±4, p\<0.001), PASP \[54.3±9.3 vs. 33±4.6 mmHg; p\<0.001\], PCWP \[19.9±4.3 vs. 12±4.8 mmHg; p\<0.001\], LAV \[84.8±30.6 vs. 66±19.8 ml; p=0.006\] and LAVI \[43.6±16 vs 33±9.3 ml/m^2^; p=0.002\] were found to be higher in the PAF group ([Table 1](#T1){ref-type="table"}).

The correlation analysis performed using Spearman rank test showed that NT-pro BNP concentrations were positively correlated with mitral regurgitation velocity (ρ=0.418, p=0.001), aortic regurgitation end-diastolic velocity (ρ=0.360, p=0.005), E/A (ρ=0.443, p\<0.001), E/E' (ρ=0.488; p=0.001), PASP (ρ=0.496, p=0.001), PCWP (ρ=0.488, p=0.001), LAV (ρ=0.442, p=0.001), and LAVI (ρ=0.475; p=0.001) ([Table 2](#T2){ref-type="table"}).

###### 

Spearman rank correlation analysis between NT-proBNP level and echocardiographic parameters

                                       NT-proBNP   
  ------------------------------------ ----------- -------------
  Mitral regurgitation velocity        0.418       **0.001**
  Aortic regurgitation velocity        0.360       **0.005**
  E/A                                  0.443       **\<0.001**
  E/E'                                 0.488       **\<0.001**
  Pulmonary artery systolic pressure   0.496       **\<0.001**
  Pulmonary capillary wedge pressure   0.488       **\<0.001**
  Left atrial volume                   0.442       **\<0.001**
  Left atrial volume index             0.475       **\<0.001**

E/A: Ratio of early diastolic mitral inflow velocity to late diastolic mitral inflow velocity; E/E': Ratio of early diastolic mitral inflow velocity to early diastolic mitral annular velocity; NT-proBNP: N-terminal pro-B-type natriuretic peptide.

The univariate logistic regression analysis performed to define the predictors of PAF showed that NT-pro BNP (OR=1.37, CI 95% =1.14--1.63; p=0.001), E/E' (OR=0.99, p=0.001), PCWP (OR=1.29, CI 95% =1.12--1.48, p=0.001) and LAVI (OR=1.07, CI 95% =1.02--1.12; p=0.006) were associated with PAF. In the multivariate logistic regression analysis, however, only NT-pro BNP was an independent predictor of PAF (OR=1.23, 95% CI: 1.08--1.42, p=0.001, [Table 3](#T3){ref-type="table"}).

###### 

Univariate and multivariate logistic regression analysis for predictors ofparoxysmal atrial fibrillation in patients with heart failure

  Variable      Univariate   Multivariate                                   
  ------------- ------------ -------------- ----------- ------ ------------ -----------
  NT-proBNP     1.37         1.14--1.63     **0.001**   1.23   1.08--1.42   **0.001**
  E/E'          0.99         0.98--0.99     **0.001**                       
  PCWP          1.29         1.12--1.48     **0.001**                       
  LAV           1.03         1.01--1.05     0.110                           
  LAVI          1.07         1.02--1.12     **0.006**                       
  MR velocity   1.17         0.80--1.68     0.404                           
  AR velocity   1.48         0.05--2.36     0.561                           
  PASP          1.04         0.96--1.12     0.282                           
  E/A           1.122        0.92--1.61     0.157                           

AR: Aortic regurgitation; E/A: Ratio of early diastolic mitral inflow velocity to late diastolic mitral inflow velocity; E/E': Ratio of early diastolic mitral inflow velocity to early diastolic mitral annular velocity; LAV: Left atrium volume; LAVI: Left atrium volume index; MR: Mitral regurgitation; NT-proBNP: N-terminal pro-B-type natriuretic peptide; PASP: Pulmonary artery systolic pressure; PCWP: Pulmonary capillary wedge pressure.

ROC analysis showed an NT-pro BNP value of 2188 pg/mL as cut-off value with 68% sensitivity and 84% specificity \[Area under the ROC curve (AUC)=0.826, CI 95%: 0.724--0.927; p\<0.001\] ([Fig. 1](#F1){ref-type="fig"}).

![Diagnostic value of abnormal NT- pro BNP \>2188 pg/mL in prediction of paroxysmal atrial fibrillation. Area under the ROC curve (AUC)=0.826, CI 95%: 0.724--0.927; p\<0.001.](NCI-7-18-g001){#F1}

DISCUSSION {#sec1-4}
==========

This study investigated the factors affecting the development of AF in ischemic HF with low EF, 46% of the patients who had PAF episodes. In addition to echocardiography derived parameters, such as LAV, LAVI, E/A and E/E', mitral and aortic regurgitation velocities, PASP, PCWP, NT-pro BNP levels were elevated in the PAF group. Significant correlations were found between NT-pro BNP and parameters such as mitral regurgitation velocity, aortic regurgitation end-diastolic velocity, E/A, E/E', PASP, PCWP, LAV and LAVI. Among all variables, high NT-pro BNP concentration was the single independent predictor of the development of AF.

The prevalence of AF in patients with HF is less than 10% in the NYHA class 1 HF patients, while it increases up to 50% as the NYHA functional capacity worsens \[[@ref17]\]. Multi-center studies \[[@ref18], [@ref19]\] of HF with preserved EF reported an increased incidence of AF. In this study, in which the NYHA functional capacity was 3 (2--4), we detected PAF in approximately half of the patients. In accordance with the literature, the functional capacity in the PAF group was worse than the non-PAF group.

Previous studies have shown that an increase in left atrial diameter increases the incidence \[[@ref20]--[@ref24]\], recurrence, and the frequency of AF, parallel to an increase in the risk of stroke \[[@ref23]\]. There is an increase in interstitial fibrosis within the atrial wall in HF, causing impaired conduction, which is the substrate for AF \[[@ref25]\]. As a result of atrial remodeling, effective refractory period shortens and the duration of atrial conduction prolongs, increasing the incidence of atrial arrhythmias \[[@ref26]\]. In this study, both LAV and LAVI were increased in the PAF group. In HF, neurohormonal impairment and the renin-angiotensin-aldosterone system (RAAS) activation lead to an increase in filling pressures and an increase in afterload. These may bring about an increase in wall tension and fibrosis in the left atrium, leading to the development of conduction abnormalities and onset of AF \[[@ref27]\]. In our study, in addition to LAV and LAVI, E/E', mitral, aortic and tricuspid regurgitation velocities and PASP were significantly higher in the PAF-detected group. Increased mitral and aortic regurgitation velocities, left ventricular and left atrial dilatation, pulmonary capillary wedge pressure, tricuspid regurgitation velocity, and increased PASP are inter-related processes that develop in the progression of heart failure. Worsening of these parameters increases the atrial wall stress. Thus, the natriuretic peptide release increases.

The release of the natriuretic peptide in HF facilitates the development of AF, and AF itself triggers the release of natriuretic peptides. Increased wall stress in AF was shown to increase NT-pro BNP levels. Sramko et al. \[[@ref28]\] showed that pacing-induced AF increased BNP concentrations in blood samples taken 20 minutes after pacing. Although BNP was correlated with mean LA pressure in sinus rhythm, the correlation disappeared with AF. The authors reported that the natriuretic peptide levels were irrespective of left atrial hemodynamics. In this study, we cannot conclude on the causal relationship between increased NT-pro BNP and AF. However, we can call attention to the level of NT-pro BNP and suggest that levels above 2188 pg/mL may point patients with a predisposition to developing AF. This is in parallel with previous studies in which NT-pro BNP was found to be an important predictor of AF development, independent of other risk factors \[[@ref29]\]. High basal NT-pro BNP values were predictors for AF development after four years \[[@ref30]\].

There is both systolic and diastolic dysfunction in HF with low EF. As the systolic and diastolic functions deteriorate, wall tension and natriuretic peptide release increase. PAF potentially arises from interstitial fibrosis, inflammation and ischemia, which is common in ischemic HF. Univariate logistic regression analysis revealed NT-pro BNP, E/E', PCWP and LAVI as the predictors of AF. In the Multivariate regression analysis, however, only NT-pro BNP was independently associated with AF. This implies that echocardiographic parameters of diastolic function and increase in NT-pro BNP are related through the same mechanism; and that echocardiography derived parameters could not predict AF independent of NT-pro BNP. This also suggests that NT-pro BNP is a well-established indicator of increased wall tension and pressures.

The limitations of this study are the small number of patients, the absence of the cardiac catheterization for pressure measurement and the relatively short duration of ECG Holter analysis without follow up. Future studies should focus on examining more parameters in larger patient groups and with longer follow-up periods.

Conclusion {#sec2-2}
----------

In ischemic HF and low EF, an increase in cardiac dimension, volume and pressures with higher valve regurgitation velocities lead to an increase in wall tension leading to fibrosis and development of transmission abnormalities, such as initiation and continuation of AF. Our study showed that this could be evidenced by an increase in NT-ProBNP. We suggest that patients with high NT-proBNP levels should be monitored closely for PAF and timely need for anticoagulation.
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